Abstract: Morphological, reproductive and karyological variability were investigated in fifteen populations of Allium oleraceum transferred from natural populations in Lithuania to the field collection of medicinal and aromatic plants of the Institute of Botany of the Nature Research Centre in Vilnius. Nine populations were tetraploid (2n = 4x = 32), four pentaploid (2n = 5x = 40) and two consisted of both cytotypes. The greatest differences among the populations and between the ploidy levels were observed in stem height and mass of aerial bulbils per plant. The seed production was very low and did not differ significantly between the ploidy levels, while neither tetraploids nor pentaploids did produce any seed if insects were prevented from visiting their flowers. The means of the morphological characters were higher in pentaploids than in tetraploids. However, none of them provided the possibility of determining ploidy level without chromosome counting.
Introduction
The field garlic, Allium oleraceum L. is distributed throughout almost the whole of Europe (Stearn 1980) . It occupies various habitats ranging from rocks and arable fields to forests (Duchoslav 2001; Haeggström &Åström 2005) and thus the environmental factors are diverse which can be seen in the morphological variation of the species, particularly in quantitative characters such as plant height, which directly correlates with the cover of the field layer in many habitats (Karpavičienė 2008) . Further, the leaf width is dependent on habitats moisture, and the fertility, as well as the number of flowers which are influenced by hydrological or light conditions (Haeggström &Åström 2005) . Besides morphological variation, the cytological variation in A. oleraceum is well known. The species consists of four cytotypes varying from triploids to hexaploids (2n = 24, 32, 40, 48, e. g. Wetschnig 1992; Krahulcová 2003; Duchoslav et al. 2010) . Two cytotypes, namely tetraploids and pentaploids, occur in almost the entire area of the species in Lithuania (Karpavičienė 2007) .
Phenotypic differences in various morphological characters between distinct ploidy levels are reported for the species of different genera, e.g. for Iris fulva in flower traits (Inoue et al. 2006) , for Allium scorodoprasum in number of flowers and size of stomata (Murin & Ferakova 1988) , for Fagopyrum tataricum in grain size (Oba et al. 2004) , and for Stevia rebaudiana in pollen and stomata size (Oliveira et al. 2004) . Phenotypic difference of Allium oleraceum cytotypes is stated only in plant size in mixed populations (Åström & Haeggström 2003). However, there is a tendency for the cytotypes of A. oleraceum to be spatially segregated in many mixed populations, especially in a heterogeneous environment . Therefore, it is hardly possible to detect morphological features determined by ploidy level in natural populations because of the plasticity in response to environmental variation.
The aims of the current study were: (i) to evaluate how variable A. oleraceum is morphologically in uniform conditions, (ii) to determine if ploidy levels differ according to morphological characteristics. 
Material and methods
Allium oleraceum is common species, which distribution is concentrated in southern and eastern parts of Lithuania (Karpavičienė 2007 (Table 2) were used to assess the range of morphologic variation among the populations, or between the ploidy levels. In order to obtain data on the effect of cross pollination for seed setting, 15 inflorescences in each population were isolated before anthesis. For this purpose each inflorescence was enclosed in a spunbond fabric bag and sealed.
The chromosomes were counted for all 150 specimens used in morphological analysis. The aerial bulbils from the top of the scape were germinated, radices treated with a colchicine solution and slides prepared as previously described (Karpavičienė 2007) .
One-way (ANOVA) analysis of variance was performed to assess variations and differences among the populations and between the ploidy levels. Principal component analysis (PCA) was used to clarify the importance of different char- acters in explaining multivariate polymorphism. The linear discriminant analysis (LDA) was used to evaluate how the variables can be used to classify different specimens. All analyses were performed using the Statistica 6 software package.
Results and discussion
Two ploidy levels were observed in the populations studied. Nine populations were tetraploid (2n = 4x = 32), four pentaploid (2n = 5x = 40) and two consisted of both cytotypes (Table 1) . Tetraploids and pentaploids occur in the whole distribution area of A. oleraceum, while tetraploids are more frequent in Lithuania (Karpavičienė 2007 ) and pentaploids as well as hexaploids occur throughout the Czech Republic .
Almost all morphological characters of A. oleraceum studied showed a wide variation. The number and length of leaves were the least variable (Table 3). The most variable characters were related to aerial bulbils and seed production. The number of fruits and seeds demonstrated the highest degree of variation (over 100 %). Unbagged pentaploid plants produced slightly more seeds than tetraploids; however, the difference was not significant (Table 4 ). An unbagged plant produced only 2.3 seeds on average, while neither tetraploids nor pentaploids produced seeds if insects were prevented from visiting their flowers. It is evident that A. oleraceum requires cross pollination for seed set; therefore production of seeds is more strongly influenced by the environmental factors, such as weather conditions and pollinating insects (Åström & Haeggström 2004) , than intrinsic features. Previous results demonstrated that a low seed production is char- acteristic to A. oleraceum in natural populations, too (Karpavičienė 2002; Åström & Haeggström 2004) .
The populations differed in all characters except for stem diameter and bulb length ( Table 3 ). The greatest differences between the populations were recorded in the mean mass of one aerial bulbil, the stem height and the mass of aerial bulbils per plant. The most visible differences among the populations were observed in stem height and number of flowers, which varied on averge from 28.9 to 66.6 cm and from 0.3 to 40.2, respectively. Although previous studies have revealed that the stem height is dependent on some environmental conditions (Karpavičienė 2008) , the average height of stems measured in the sampling year in each population correlated with that of the plants in the corresponding cultivated populations in 2008 (r = 0.80). However, no significant correlation was found between the number of flowers per plant in natural populations and those in the corresponding cultivated populations, in which the number of flowers was from 1.1 to 14 times higher than in natural ones. The slightest difference was found between plants transferred from a population located in a river valley (No 450) and the biggest between plants transferred from a population located in a dry meadow on the slope of a hill with gravely soil (No 471). Most likely these differences were related to the disparity in the soil moisture between natural habitats and field collection of medicinal and aromatic plants as well as in plant fitness, because the number of flowers significantly correlated with stem height (r = 0.51) and mean bulb mass (r = 0.60).
The 4-year study showed that the number of flowers of the populations is a rather characteristic feature, and its variation between the populations is considerably higher than within the population in different years (Fig. 2) . However, the two ploidy groups did not differ statistically in the number of flowers, and the tetraploid populations contained plants with both the highest and the lowest number of flowers. Both cytotypes contained plants without flowers. Such plants amounted to 18% of all the tetraploids and 2% of the pentaploids. The means of the height and the diameter of stems, the length of the leaf and both valves as well as the number and mass of the aerial bulbils are statistically higher in plants with flowers. Presumably, the ability of A. oleraceum to develop flowers depends on plant size, and vegetative reproduction is preferred when resources are limited. The precedence of vegetative reproduction versus seeds in plants with smaller bulbs is known in Gagea species (Schnittler et al. 2009 ). According to Lanke et al. (2010) , plants allocate more resources to seed reproduction when available resources are limited, and with increasing resources more vegetative propagules are produced.
Evidently, the plants of both ploidy levels differed most in stem height, length of valves as well as mass of bulb and aerial bulbils. The means of the morphological characters of A. oleraceum were statistically higher in pentaploids than in tetraploids. The fact that pentaploids are higher than tetraploids is stated in mixed populations as well (Åström & Haeggström 2003) . However, none of the examined characters critically distinguished the two cytotypes without any overlap of individual values.
All studied characters, except for fruit and seed numbers, which are strongly influenced by the environmental factors, were used in the principal component analyses (PCA). PCA reduced 15 characters to two principal components which explained 66.6% of the variance. The first component explained 54.5% of total variance and strongly correlated with height of the stem, length of the longest pedicel and both valves of the spathe as well as total and mean mass of aerial bulbils. The second component strongly correlated with the length of the bulb and number of flowers and added 12.1% to the explained variance. The tetraploids and pentaploids did not form separate groups based on morphological characters (Fig. 3) . Despite the fact that the PCA did not separate tetraploid and pentaploid specimens of A. oleraceum morphologically, 84.7% of the Fig. 3 . Principal component analysis of 150 specimens of Allium oleraceum: tetraploids (full triangles) and pentaploids (empty squares). First (horizontal) and second (vertical) ordination axes explain 54.5% and 12.1% of total variation, respectively. Fig. 4 . Principal component analysis of 15 populations of Allium oleraceum: tetraploids (full triangles), pentaploids (empty squares) and mixed (full circle). First (vertical) and second (horizontal) ordination axes explain 57.4% and 11.7% of total variation, respectively. specimens are correctly classified in a classificatory discriminant analysis according to ploidy level (Fig. 3) .
The PCA (Fig. 4) showed at the cultivated population level that pentaploid populations formed a compact group with one tetraploid population in close vicinity, and only this tetraploid population (No. 441) was incorrectly classified in the classificatory discriminant analysis at population level. Almost the same result was obtained when only the ten characters, in which the two cytotypes differed statistically, were used in the PCA.
The results of the study revealed that none of the studied morphological characters of A. oleraceum provided the possibility of determining the ploidy level without chromosome counting. Some statistically significant morphological differences between ploidy levels are found in other species, but only the size of guard cell as well as pollen allows one to find out the ploidy level of certain species without chromosome counting (e.g. Murin & Ferakova 1988; Chen et al. 2009 ). However, these characters have not been studied in A. oleraceum cytotypes yet.
